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* * *

Detailed explanation of the invention

This invention concerns a data processing system. It particularly concerns a controlling

method of a clock signal suitable for processing systems with a small consumption of power,

such as a LSI (Large Scale Integrated Circuit), for example.

The advancement of semiconductor technology in recent years has been significant, the

development of the MOS (Metal Oxide Semiconductor) in particular is significant. Along with

the development ofMOS technology, reduction of elements to microscopic size has been

advancing. To accompany this, many circuits have been integrated over silicon [substrates] of

several mm.

However, such high integration or increase in speed results in an increase in the

consumption ofpower per unit area, and the heat diffusion of an element has become a serious

issue.

Therefore, so-called C-MOS (Complementary MOS) devices that only consume electric

power when signals change have been spotlighted. It is then possible to supply power from

batteries during a power blackout because the consumption of power of a C-MOS device is

small. Power in some cases is also always supplied from batteries because the consumption of

power is small.

The invention in this application concerns the controlling method of the clock signal for

further reducing the consumption ofpower by such a CMOS device.

When a device decreases in size, the consumption ofpower per unit area or the

consumption ofpower per unit volume tends to increase even though the absolute value of the

consumption of power is small. Accordingly, reduction in the consumption ofpower is a serious

issue.

A calculator is a familiar example. This, when left alone while the power source is still

left ON, automatically turns OFF the power source when a predetermined time elapses. A
wasteful consumption of power from the power source can be prevented because the power

source is automatically turned off after a specific period of time has elapsed. This case is limited
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to shutting off the power source after a time of nonuse of the calculator, which is saving power at

the power source side. To further advance the low consumption of the power source of devices,

turning off the power source and its return must be performed according to the state of the

device, and the demand for this is gradually increasing.

A publicly known example, which is closest to the invention in this application, is

Japanese Kokai Patent Application No. Sho 54[ 1979]- 104272, "Complementary type MOS logic

circuit" (disclosed to the public on August 16, 1973). This publicly known example concerns a

logic circuit, particularly a logic circuit that is comprised of a complementary type MOS gate,

and it is operated at a further reduced consumption of power.

Specifically, said logic circuit comprised of the MOS gate controls the passage and

supply of a clock signal from the outside using a clock prohibiting signal generated from said

logic circuit during its non-logic operating period, and it prohibits the external clock signal

during a period in which said logic circuit does not operate.

This only prohibits the external clock signal during the period in which the target logic

circuit does not operate.

This disclosure specifies that the clock signal is controlled by a signal that is generated

when said logic circuit does not operate, in other words, a non-operating signal. It does not

describe any positive reduction of the consumption ofpower as in this invention, in other words,

stopping the clock signal by a command, for example.

There is also U.S. Patent No. 3,919,695 (November 11, 1975) "Asynchronous Clocking

Apparatus" which has an independent clock circuit for each of multiple functional units and

changes the clock cycle.

The main objective of this invention is to prohibit the supply of a clock signal to the

target logic circuit at an optional point (or fixed at a specific level) and to reduce the

consumption ofpower.

Another objective of this invention is to allow for an optional change of the circuitry

region, which prohibits supply of the clock signal.

For attaining the aforementioned objectives, this invention has the characteristic of

providing a clock prohibiting command and prohibiting the supply of a clock signal of said logic

circuit when said command is read out.

As described above, a C-MOS device has the characteristic of not having consumption of

power if the signal does not change. Accordingly, by stopping the supply of the clock signal of

said C-MOS device by a clock supply prohibiting demand signal, a reduction in the consumption

ofpower in the C-MOS device can be achieved.
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The average consumption of power increases in a logic circuit which operates in

synchronization with a clock pulse signal as the repeating frequency of the clock pulse signal

increases.

If high speed processing is not necessary, a reduction in the consumption ofpower can

also be attained by lowering the repeating frequency of the clock pulse.

This will be explained successively below. As a circuit to stop the supply of the clock

signal of a processor, for example, by a clock signal supply prohibiting signal from the outside,

one as shown in Figure 1(A), can be considered.

The clock controlling circuit in Figure 1(A) is comprised of flip flops (1 1)-(13), which

synchronize the signal IC for requesting the stop of the supply of a clock with 2-phase clocks

(la) and (lb), and AND gates (14) and (15), which prohibit the supply of the clock. (16) is a data

processing unit. The operation of this circuit will be explained while referring to the time charts

in Figure 1(B)-(I). If the clock supply stop requesting signal (1c) during a non-synchronization

falls from "H" to "L" (©), it is first synchronized by the clock (lb) at the flip flop (1 1), and

signal (Id) is obtained (©). However, there is a possibility that chatter will occur in the signal

(Id) during synchronization. Signal (le) is next obtained through a synchronization by clock (la)

at the flip flop (12) ((D). Furthermore, signal (If) synchronized by clock (lb) at the flip flop (13)

is also obtained (©). Signals (If) and (le) respectively prohibit clocks (la) and (lb) by AND
gates (14) and (15), and clocks (Ig) and (lh) that should be supplied to the data processing unit

(16) are fixed at "L". Here, there is no signal change within the data processing unit (16), and

power is not consumed at the data processing unit (16), which is comprised of a C-MOS device.

In the simplest example, prohibiting control of the clock signal at the circuit in Figure 1(A) is

possible.

The clock supply stop requesting signal described above is provided from outside a LSI

or provided at a specific frequency. Therefore, stopping and canceling the clock become fixed.

Accordingly, the operating microprocessor itself cannot positively implement a low consumption

power mode at optional points.

[Reference No. 3 (page 3, line 10 of lower left column to page 5, line 3 of upper left column]

Fig. 2 shows a block diagram of a data processing unit providing an improved clock

supply control circuit of the present invention. The data processing unit comprises a clock

generating circuit 20, a clock supply circuit 21, and a processor 22 including a register file 23,

an arithmetic circuit 24, an address register 25, an instruction register 26, and a decoder 27.

Clock signals (3a-3c) produced by the clock generating circuit 20 input to the clock supply

circuit 21 and output of signals (3x-3z) thereof stops according to a signal 3d output from the

processor 22. Also, a stop state is released according to interrupt signal or the like (31-3o)
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inputted to the clock supply circuit 21. Referring to Figs. 2 and 3, a detailed operation will be

described.

(1) In case of stop of the clock supply

Contents n of a program counter (PC) in the register file 23 of the processor 22 are

outputted to a main memory 28 according to the signal 2a via the address register 25 (MAR).

By this, a low power instruction (a clock supply prohibition instruction in Fig. 3) is set in the

instruction register 26 (IR) through the signal 2b. This content is decoded by the decoder 27

and inputted to the clock supply circuit 21 as a stop signal 3d. After that, the clock signals

3x-3z stop and the processor becomes a stop state. At this time, however, the clock circuit 20

generates the outputs themselves of the clock signals 3a-3c.

(2) In case of release of stop of the clock supply

The interrupt signals 31-30 are inputted to the clock supply circuit 21, and when at

least one of these becomes active, immediately, the clock signals 3x-3z start to move. In other

words, the circuit 21 stops the clock signals in a wait state of the interrupt. According to the

interrupt signal, the clock signals 3x-3x start to move and when the processor 22 starts to

operate, it is determined whether the inputted interrupt is accepted or not due to mask

function of the interrupt in the clock supply circuit 21. As a result, the signal 2c is inputted to

the decoder 27. The top instruction if the interrupt is accepted, or the instruction stored in the

next (n+1) address of the clock supply prohibit instruction (n address) if the interrupt is not

accepted, is executed.

Namely, the numeral reference 28a in Fig. 3 is explanation of a memory map on the

main memory. For instance, the nth instruction reads out the above mentioned low power

instruction (the clock supply inhibit instruction), and is processed by an interrupt processing

IRP when the interrupt signal is generated at time of a state inhibiting a supply of the clock

signal. At time of the clock signal supply inhibit state, the IRP monitors always the interrupt

state, and determines ifMASK is done when the interrupt generates (Y), if not, initiates a

supply of the clock signal to execute a corresponding interrupt processing program. On the

other hand, when the MASK is done for generation of the interrupt signal, the instructions are

executed reading out sequentially from the (n+1) the instruction. (Of course, in this case

supply of the click signal is initiated.)

As mentioned above, the clock supply circuit 21 controls consumption ofpower of the

processor 22 by performing stop and release of the operating clock signals. Next, the detailed

constitution and operation of the clock supply circuit 21 will be described.

Fig. 4 shows the specific constitution of the clock supply circuit 21 according to the

present invention. This circuit detects the clock supply inhibit instruction of the data

processing unit, and comprises a clock control circuit 327 consisting of synchronizing
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flip-flops 300, 301 and flip-flops 302, 303 controlling stop of the clock, clock gates 304-306

inhibiting supply of a group of clocks 3a, 3b and 3c, a group of flip-flops 310-317

synchronizing and storing 4-level interrupt, an OR gate 318 detecting at least one interruption,

a group of flip-flops 319-312 obtaining release timing of stop of the clock, logic gates 322,

323 determining synchronization of the interrupt and a timing of store, and an interrupt mask

gate 324. Operation of the circuit will be described by dividing into two cases of stop and

release of the clock

(i) Operation of the case of stopping the clock signals

For explanation reasons, the data processing unit shall be considered as a

microprogram control. In the microprogram executing the clock supply inhibit instruction,

when the microinstructions for the clock stop request are read out, the signal 3d becomes "H"

(High level). This is stored in a flip-flop 300 by the clock 3d and the signal 3e obtained by

this is further coincided with timing of the flip-flop 301 by the clock 3a. The signal 3f

synchronized with the clock 3a sets the flip-flop 302 according to the clock 3b to indicate stop

of the clock. After the clock stop signal 3g is synchronized with the clock 3a by the flip-flop

303, and controlling the clock gates 304-306 by a pair of signals 3h, 3i (3h) and the clock 3x

according to the clock 3a becomes an "H" state by the gate 305, and the clocks 3y, 3z

corresponding to the clocks 3b, 3c stop in a "L" (Low level) state. The reason to make the

clock 3x "H" is because a roll smoothing operation at time of the release of stop by holding a

precharge state at time of the clock stop is performed because the clock 3x is used in the

precharge of a dynamic logic in one microoperation of the data processing unit, thereby

consuming no power during a stop period of the clock. Like this, since the clocks 3x, 3y and

3z are supplied to the data processing unit, there exist no change of signal in the unit and no

power consumption in a CMOS circuit. As is understood from this example, the clock signal

supply stop is not always the "L". In short, any state will do if the state in which power is not

consumed is held. [End of first Reference No. 3]

Figure 5(A)-(H) show time sequences until reaching the stop of the clock signal.

In Figure 5, © indicates the time region where signals (3a)-(3c) from the clock

generating circuit are provided and the corresponding clock signals (3x)-(3y) are supplied to the

data processing system. Region © in the same diagram indicates a case in which signal (3d) is

input into a flip flop (300), and signal (3e) is generated. Region (D in the same diagram indicates

a case in which the output signal from a flip flop (301) is changed from "H" to "L" by the clock

signal (3a), and the output signal (3g) from the flip flop (302) is changed from "L" to "H" in

synchronization with the clock signal (3b). Region ® in the same diagram indicates a case in

which the flip flop (303) is changed so as to be synchronized with the clock signal (3a) by the
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signal (3g), and a pair of signals 3h, 3i ( 3h ) are obtained. Clock signals (3y) and (3z) are then

maintained at level "L" from "H", and (3x) is maintained at the signal level "H", and change in

the level of clock signals is eliminated.

It can be understood that the signals (3a), (3b), and (3c) from the clock generating circuit

continue to output signals even in region ®.

(2) Explanation of the operation for canceling clock stop

Clock stopping control, as described above, becomes programmable by commands. On

the other hand, the cancellation of stop is performed by interruptions in the data processing

device. The interruption referred to here refers to service requests from an input and output

device, error, and reset, etc. Interruption signals at 4 levels in Figure 4 are received at the first

group of flip flops (310)-(313) by the signals (31), (3m), (3n), and (3o) at the synchronization

clock (3t) supplied by the clock gate (322). Next, for preventing chatter, they are received again

at the second group of flip flops (314)-(317) by another synchronization clock (3s) supplied by

the clock gate (323). For example, output (3p4) from the flip flop (317), which is one of these

synchronizing interruption signals, is input into the NOR gate (318), and stored into the flip flock

(3 1 9) by clock (3a). The presence of interruption is detected by the NOR gate (3 1 8) when any

one of the 4 level interruptions (3pi-3p4) enters, and this is reflected on the flip flop (319).

Output (3q) from the flip flop (319) is furthermore synchronized at the flip flops (320) and (321),

signal (3r) is obtained, and the flip flop (302) for controlling the aforementioned clock stop is

reset. Then, the flip flop (303) synchronized with the clock (3a) cancels the stopping of the clock

by signals 3h and 3i (3h ) and clock gates (304)-(306). Figure 6(A)-(L) indicates time charts for

the cancellation of the stopping of the clock, in which a smooth start of the clock operation is

attained.

With ©i indicated in Figure 6(E), the flip flop (317) synchronizes with the clock signal

(3b) by the interruption requesting signal (3o) and outputs signal (3p4), also synchronizes with

clock signal (3a) and the output signal (3q) of the flip flop (319) changes the state at © 2 (from

level "H" to "L"). As indicated in Figure 6(G) by ® 3 , the output signal (3r) from the flip flop

(321) synchronizes with the clock signal (3a), and the level of that signal changes from "H" to

"L". The output signal (3g) from the flip flop (302) changes from "H" to "L" by signal (3r)

(Figure 6(H) ® 4). Accordingly, the output signal (3h) from the flip flop (303) changes from "L"

to "H" (Figure 6 (I) ® 5), and although not shown in the figure, the level of the signal of 31 (=3h

)

changes from "H" to "L", and the supply of the clock signals (3x), (3y), and (3z) starts again in

region (D (the same in region (©).
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[Reference No. 3 (page 5, line 1 1 of lower right column to page 6, line 16 of upper right

column)]

Next, the operation after release of the clock stop will be described. At least one of the

interrupt signals 31, 3m, 3n and 3o is input to the clock control circuit, after releasing the

clock stop state, the data processing unit determines whether the interrupt processing is

performed or not by a resulting signal 2c of the mask gate 324 and continues the processing.

Referring a flow chart of microinstructions in Fig. 7, this situation will be explained. In this

flow chart, one block represents one microinstruction. Explanation will be made using the

-time charts as shown in Figs. 5 and 6. Execution of the instructions for the clock stop starts

from decrement of a program counter PC ofblock 7a. This is controlled at a instruction fetch

stage because the [program counter] PC is incremented by one. Since this is not concerned

with the present invention, detailed explanation is omitted. Next, a microinstruction for the

clock stop of block 7b is carried out to enter the clock stop state. NO-OP (No operation) of

clock 7c is a surplus while the clock is completely stopped and NO-OP of clock 7d is a

microinstruction for awaiting the interrupt at time of the clock stop.

When the interrupt is accepted in the NO-OP state, the control is transferred to a first

microinstruction of the instruction fetch in block 7c after a constant synchronization cycle. In

block 7c the PC is sent to the address register 25 and increment of the PC is performed. In

block 7f the main memory is read out, and in block 7g the instruction read out is taken in to

the instruction register IR 26. Like this, the interrupt is checked after execution of a

microinstruction in block 7h and when the interrupt signal 2c exists in an output of the mask

gate 324, a branch is performed to microprograms (block 7i, 7j) of the interrupt processing.

When the interruption signal does not exist, branching to one of the execution microprograms

ensures in accordance with the instruction provided to block 7g. As mentioned above, after

release of the clock stop, a macroprogram is controlled to the interrupt processing or the next

program according to the state of the mask gate 324.

According to the embodiment as illustrated, a user programmable clock stop instruction

is performed by the specific instructions, thereby transferring to the low consumption power

mode. Further, a flexible control is possible to the interrupt processing or the next instruction

according to the mask state of interruption.

As explained above, a reduction in the consumption ofpower can be finely controlled in

this invention by controlling the supply of the clock signal, and a further reduction in the

consumption of power can be attained.

Also, application examples of this invention should not be limited to the one described

above, and a variation example will be described below.
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Figure 8 shows an example in which a data processing system is sectioned into several

blocks, and the example is implemented by separating these blocks into blocks that prohibit the

supply of the clock signal when a clock signal supply prohibiting command is read out and into

blocks that do not prohibit. This creates a data processing system that is the system in Figure 2 to

which a timer (80) and a serial input and output system (I/O) (81) that do not prohibit the supply

of the clock are added as an example. Stop and cancellation of the clock are attained in the

following manner.

When the clock signal supply prohibiting command is detected by the processor (22),

outputs (3x)-(3y) of the clock supply circuit (21) are stopped by the signal (3d). Through this, the

operation of the processor (22) stops, however, the timer (80) and the serial I/O (81) operate by

clocks (3a)-(3b), and therefore do not stop. When any one of the timer interruption (3n) from the

timer (80), interruption (3o), such as an over-flow for example, from the serial I/O (81), or

interruptions (31) and (3m) from outside is input in this state, the clock supply circuit (21) starts

the operation, and the processor (22) performs an interruption processing.

Figure 9 shows an example of a system which stops and cancels the supply of the clock

[signal] by a processor (22) possessing several clock signal supply prohibiting commands and by

clock supply circuits (210)-(212) for each block. The processor (22) has 7 types of clock signal

supply stopping commands I(l)-(7). Like signal (30d) by command 1(1), signal (31d) by 1(2),

signals (30) and (3 Id) by 1(3), and signal (32d) by 1(4), every combination of signals (30d)-(32d)

can be obtained corresponding to commands I(l)-(7) implemented by the processor (22). By

these commands, 3 blocks including the processor (22) itself and primary block (90) and

secondary block (91) in all combinations stop the supply of clocks (90x)-(92x). The cancellation

of the respective clock supplying circuits (210)-(212) is independently obtained by signals (301)-

(321). By constructing the system as above, the processor (22) can start prohibiting the supply of

the clock from blocks that no longer need operation by command, which is also effective for the

attainment of a low consumption of power.

Figure 10 is an example provided with a reference register (100) and a mask gate (101)

for prohibiting the supply of a clock signal. Here, only the procedure for prohibiting the supply

of the clock signal is different from the one in Figure 9, therefore, only that part is shown.

(1) Setting the clock signal supply prohibiting block

One content item of the register file (23) within the processor (22) through signal (100b)

by a reference register setting command is set into the reference register (100) by the setting

signal (100a) obtained from the decoder (27). Output signals (100c)-(102c) are generally masked

by the mask gate (101), and clock signal supply prohibiting signals (30d)-(32d) are not output.
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(2) Output of the clock signal supply prohibiting signal

Signal (3d) is output when the clock signal supply prohibiting command is implemented

by the processor (22). This, in accordance with the contents of the reference register (100), is

output as signals (30d)-(32d) through the mask gate (101) into each of the clock supply circuits

(210)-(212), and prohibits the supply of the corresponding clock signals.

The contents of the reference register (100) can be rewritten by this setting command,

therefore, the clock signal supply prohibiting block is programmable and can be changed.

Figure 1 1 shows a structure by frequency divided circuits (1 10)-(1 12) and selectors

(1 13)-(1 15) instead of the clock gates (304)-(306) in the clock supply circuit indicated in

Figure 4. Long frequency signals (1 la)-(l lc) are respectively obtained by the frequency divided

circuit (1 10)-(1 12) plus signals (3a)-(3c) of the present frequency. Through such a structure,

signals (3h) and (3i) are generally "H" and "L" respectively, and clock signals (3a)-(3c) are

selected by the selectors (1 13)-(1 14) and are output as clock signals (3x)-(3y). Here, as the clock

signal supply prohibiting command is implemented, signals (3h) and (3i) are respectively

reversed and become "L" and "H". Accordingly, long frequency clock signals (1 la)-(l lc) in this

case are selected by the selectors (1 13)-(1 15), and are output as clock signals (3x)-(3z).

By replacing the signals (3h) and (3i), shorter frequency clocks than usual are supplied by

the clock signal supply prohibiting command.

Figure 12 shows a clock generating unit, which variably switches long and short clock

frequencies in addition to the general clocking frequency. Signal (3d) by switching command to

long frequency and signal (3d') by switching command to short frequency are generated from the

decoder (27) within the processor (22).

(1) General clock frequency

Unless the command for clock frequency switching is read out in particular, the outputs

(3h) and (3h') of the clocking controlling circuit (327) are respectively at "L". Accordingly, the

output (12a) from the gate (129) is at "H", and outputs from the frequency divided circuits (120)-

(122) are selected by the selectors (126)-(128) and output to (3x)-(3z). This is the general clock

frequency.

(2) Long frequency

As the command for switching to lengthen the clock frequency is read out, signal (3d)

becomes active, and 3h as a result becomes "H". Through this, outputs from low speed frequency

divided circuits (123)-(125) are selected by the selectors (126)-(128), and a longer frequency

clock than usual is output to (3x)-(3z).

(3) Short frequency

As the command for switching to shorten the clock frequency is read out, signal (3d')

becomes active, and (3h') as a result becomes "H". Through this, clocks (3a)-(3c) are directly
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selected by the selectors (126)-(128), and a clock with the shortest frequency (high speed) is

output to (3x)-(3z).

The consumption ofpower can be controlled by changing the clock frequency when the

command for switching the clock frequency is read out.

Brief description of the figures

Figure 1(A) shows an example of a stopping circuit of the clock signal to a data

processing unit comprised of a C-MOS. Figure 1(B)-(I) presents time charts for the explanation

of the operation of each part in Figure 1(A). Figure 2 is a block diagram showing an abbreviated

data processing system equipped with a further improved clock signal supply controlling circuit

of this invention. Figure 3 shows a flow chart for the explanation of the execution of reading out

a clock supply prohibiting command. Figure 4 shows a specific application example of a clock

supply controlling circuit. Figures 5 and 6 are time charts for the explanation of the operation for

the prohibition of the supply of a clock signal and the return. Figure 7 shows a flow chart of the

execution of the micro-command in an operation after canceling the stopping of a clock.

Figures 8 and 9 show explanatory diagrams when the supply prohibiting block of the clock is

divided into several blocks. Figure 10 is an explanatory diagram of a case in which a clock

supply prohibiting reference register is provided. Figures 1 1 and 12 show explanatory diagrams

when attaining a reduction in the consumption ofpower by varying the frequency of the clock

signal instead of prohibition of the supply of the clock signal.

20-Clock generating circuit, 22-processor, 23-register file, 24-arithmetic circuit,

25—address register, and 27-decoder.



12

Figure 1

Figure 2
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Figure 3

Key: 1 Interruption

2 Mask
3 Clock supply prohibiting command
28a Interruption processing program

Figure 4
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Figure 5

Key: 1 Signal

Key: 1 Signal

Figure 6
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Figure 7

Key: 1 (Figure 6(D)

2 (Figure 6©)
3 (Figure 5©)
4 (Figure 5©)
5 (Figure 5®)
6 Figure 5 and Figure 6©)
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Figure 8

Figure 9



Figure 10

From the register file (23)

From the decoder (27)

Figure 1

1
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Figure 12


